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THE WEATHER AND  CIRCULATION OF JANUARY 1954' 
A Low Index  Month  With a Pronounced  Blocking Wave 

ARTHUR F. KRUEGEX 
Extended Forecast Section, U. S. Weather Bureau, Washington, D. C. 

MONTHLY MEAN CIRCULATION 

During January 1954 the monthly  mean zona.1 index 
(35' N.-55' N.) a t  700 mb. for the Western Hemisphere 
averaged  below its normal value for the first time since 
April 1953 [l]. This is indicated in figure 1, which  shows 
the  observed and normal monthly zonal indices for the 
past 10 months. The index reached its highest monthly 
average and also its greatest positive deviation from 
normal in the period from mid-November to mid-Decem- 
ber 1953, and  thereafter experienced a  steady decline to 
speeds that were weaker than normal. Five-day mean 
values for December and  January show that  the index 
dropped from 13.7 m/sec late  in December to  a minimum 
of 8.4 m/sec early in January, followed by a recovery to a 
value (1 1.1 mjsec) near the normal later  in  the  month. 
As can be seen from figure 2 these changes were  accom- 
panied by shifts in the  latitude of the maximum wester- 
lies, southward from about 50' N. on December 27 to 
about 37' N. on January 8 and  then  northward.  At the 
end of January  the westerlies were shifting southward 
for the second time once more accompanied by  a falling 
zonal index. 

During the southward shift of the westerlies, sea level 
pressures increased at  high latitudes. North of 40' the 
average pressure over the Western Hemisphere was  well 
above normal for the  month,  as  may  be seen in figure 3. 
At  lower latitudes, on the  other  hand, pressures averaged 
below normal, so that  the polar anticyclones grew at the 

1 See charts I-XV following p. 41 for aualyzed  cli~natological  data for the  month, 
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FIGURE 1.-Variations of the  mean monthly zonal index at 700 mb. for the Western 
Hemisphere in the latitude  belt 35O-55" N. from  April1953 to January 1964 with normal 
index dashed. Notice  the &month  period  during  which  the  index was above  normal. 

expense of the subtropical high pressure cells, a condition 
considered typical of low index [Z]. 

Corresponding to  the low index state,  the monthly mean 
position of the belt of maximum westerlies a t  700 mb was 
south of normal in  the Pacific and western and central 
North America  (fig. 4a). As a  result wind speeds averaged 
above normal north  and northwest of the Hawaiian 
Islands and along the Pacific coast of the United States 
(fig. 4b). They were also above normal along a second- 
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FIGURE 2.-Time-latitude  section of bday  mean 700-mb. zonal wind speed  (mlsec) in the 
Western  Hemisphere for period  December  18,1953, to February  2,1954. Heavy mowed 
lines  mark  latitude of axes of maximum wind speed. Notice  the latitudinal  variation 
of the maximum  westerlies  during  late  December and January. 
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FIQURE 4.-Mean  700-mb. isotachs (a) and departure  from  normal wind speed (b) (both 
in m/sec) for January 1854. Solid arrows indicate the average position of the maximum 
westerlies, which were well south of normal in the Pacific. Dashed arrow  from north- 
east  Siberia to northwest Canada indiestes secondary axin of westerlies  around  block in 
Bering  Sea. 

ary axis of maximum winds from Kamchatka  to  the 
Yukon, where the westerlies were forced to flow around 
a strong blocking High in  the Bering Sea (figs. 4 and 5). 
In  the central Pacific and western Canada wind speeds 
averaged as much as 6 to 8 m/sec below normal, as con- 
trasted  with December, when wind speeds averaged 
as much as  7 m/sec above  normal in these same regions 
[3]. In  the Atlantic  and  eastern United States  the axis 
of the maximum westerlies was observed in  its normal 
position and a t  speeds close to normal. 

Blocking activity was a major  factor in determining the 
prevailing flow pattern for January. As may be seen 
from figure  5,  700-mb. heights were  well above normal in 
the northeastern  Atlantic  and  in the Bering Sea, regions 
which are frequent  sites for blocks [4]. In  response to 
the strong ridge in  the Bering Sea very cold air was driven 
southward  into western Canada  and  the  eastern Pacific, 
resulting in frequent cyclogenesis and subnormal heights 

off the coasts of Washington, Oregon, and  British 
Columbia. An abnormally deep Low in the Sea of 
Okhotsk was  also related to  the blocking inasmuch as 
strong cyclones  were  blocked by  the ridge. Across the 
United States flow at 700 mb. was nearly zonal despite 
the  fact  that  the zonal index from 0' westward to 180' 
averaged below normal. These regional variations in 
index are  frequently observed, and  point  up the danger of 
using a hemispheric index to define a regional circulation 
pattern. 

BEHAVIOR OF THE  BLOCK 

A  major  feature of blocking as given by Namias [5] is 
that a regional retardation of the westerlies  progresses 
slowly westward. This  feature was  conspicuous during 
January, as figure 6, showing time-variation of regional 
zonal indices, clearly indicates. An index minimum was 
reached about  the first of January in the eastern  Atlantic, 
the  5th in the western Atlantic, the 10th  in  North America, 
the 20th  in the eastern Pacific, and finally about  the 31st 
in eastern Asia. The average rate of westward motion 
of the index minimum during  this period was 52' of 
longitude per week. This  rate, however, was not uni- 
form, varying from about 30' of longitude per week in the 
Pacific to 70' per week in the  Atlantic  and  North America. 

It is noteworthy that  both these average and sectional 
ra,tes compare closely with rates computed for a similar 
blocking  case observed during January 1944 by Namias 

The changes that took place at  various longitudes as 
blocking spread westward are shown in figures 7  and 8. 
Figure 7 shows the changes in 700-mb. heights computed 
at  60' N. from 5-day mean charts 1 week apart. Large 
rises originated in  the eastern Atlantic  about 20' W. and 
spread westward during the month, reaching 160' W. 
about  January 10 and 120' E. about  January 31. The 
long-period trends occurring a t  most longitudes are  strik- 
ing. For example, strong  height rises a t  160' W. (Alaska) 
after  January 5 continued for 2 weeks,  followed by falls 
during the remainder of the month. Of interest also is 
the large magnitude of the changes in  the two favorite 
regions of blocking (160' W. and 0'). In  fact  most longi- 
tudes experienced their highest heights and largest varia- 
tions as  the wave of blocking passed. 

While height rises originated in  the eastern  Atlantic 
and spread westward to  the Pacific it should be empha- 
sized that  the ridge in the eastern  Atlantic did not bodily 
retrograde  to the Pacific. Instead, blocking spread by 
means of successive upstream intensification of ridges and 
weakening of troughs [5].  

In  figure 8 a series of &day mean 700-mb. height 
anomalies at intervals of one week have been plotted on 8 

polar projection for the regions north of 40' N. Figure 
8A shows the block in  the eastern  Atlantic  shortly  after it 
was established, as  indicated by  an anomaly of $850 ft. 
at 55' N., 20' W. During the next week  (fig. 8B) the 
anomaly maximum retrograded to 30' W. with height rises 

151. 
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FIQURE 5.-Mean 7OO-mb. height contours and departure  from normal (both in tens of feet) for January 1954. Above normal heights prevailed north of Wo N. in the 
Western  Hemisphere. 

spreading westward from this center, as shown by  the blocking condition almost disappeared as  strong zonal 
large positive anomalies extending to  about 120' W., flow became re-established. Figure 8D indicates a very 
where a week earlier heights  had been  below normal. slow retrogression of the block. To its east abnormally 
The  following  week  (fig. 8C) the block became well cold air was advected over the Gulf of Alaska accompanied 
established over the eastern Pacific with maximum de- by strong cyclogenesis. Meanwhile, on the  other side of 
partures of +900 feet  around 55' N., 165' W., while the hemisphere another block developed in Eurasia. 
heights fell away over Canada. In the  Atlantic  the During the  next week (fig. 8E) the Pacific block continued 
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FIGURE 6.-Five-day  mean values of the 700-mb. zonal index (35O-55” N.) for  progressively 
westward  sections  from  December 25,1963. to February 8,1954. The heavy dashed line 
indicates the  minimum in successive sections. Notice how this  minimum index moves 
westward with  time. 

to retrograde slowly to  near 150° E. with  strong falls on 
its eastern side and  the block in  Eurasia  strengthened. 
In the following period (not shown) the initial block  fell 
away in Siberia. 

The 5-day mean sea level maps  during January (not 
reproduced) show that  the blocking in  the  Atlantic re- 
sembled what  Elliott ar?d Smith [41 have referred to  as 
low-latitude blocking, whereas the blocking in  the Pacdic 
resembled their high-latitude type.  The former type “is 
characterized by a  northward extension of the  subtropical 
high  cell  where the connection with this cell is not  broken; 
any trapped low-pressure centers being formed well to  the 
east of the blocking high cell.”  On the  other  hand,  their 
high-latitude type is “characterized by  a high-pressure 
cell far to the  north a.nd trapped low-pressure areas along 
the southern periphery.” The behavior of the blocking 
aLso seems consistent with their findings and  with Yeh’s 
theoretical resulk on differential rate of energy dispersion 
at bigh  and low latitudes [61 since the  Atlantic block,  being 
of the low-latitude type, extended its influence westward 
more rapidly than  the Pacific  block. 

LONGITUDE(DEGREES) 

FIGURE 7.-Time-longitude  section  showing  chsnges in  7Wmb.  heights  at 60° N. (tens 
of feet)  computed from &day  mean  charts one week  apart.  Isopleths  drawn for intervals 

nating about 2oo W. and  spreading  westward  during  January. 
of 500 ft. with rises greater than +5M) ft. shaded. Notice  the “channel” of rises  origi. 

THE WEATHER 

Due  to  the small amplitude of the  monthly  mean flow 
across the United States (fig. 5) with  stronger than normal 
westerly components over the western and  central por- 
tions, mean  temperatures were above normal over most 
of the West and  South, and below normal only in the 
North  (Chart I-B). The below normal temperatures were 
associated with  a well developed anticyclone centered 
over northwestern  Canada  (Chart XI) and  above normal 
sea level pressures (maximum of 8 mb.) over most of 
Canada (Chart XI inset). Average temperahres for the 
month were as low as 1 3 O  below normal  in  Montana and 
6’ below normal in  New York State. It is interesting  to 
note that  this was the first time since 1948 that mean 
January temperatures were  below normal in  the  North- 
east. This cold air was situated for the most part  to  the 
north of the strongest westerlies where the flow was 
weaker than normal (fig. 4b). I t  appears that this cold 
air could not  penetrate  farther  south in  the mean due to 
the containing action of the  fast westerlies [7]. 

In  the Plains States  the finger of below normal tempera- 
tures extending southward corresponds with  the prevailing 
path of polar anticyclones entering  the United States from 
Canada  (Chart IX). These polar outbreaks, while fre- 
quent, were  shallow and were therefore rapidly modified 
and swept out int.0 the  Atlantic  in response to the zonal 
flow aloft. 

In  the northern  Rocky  Mountain States  an unusually 
strong  contrast was observed between warm Pacific air 
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FIGURE 8.-Series  of  polar projections  of M a y  mean  700-mb. height departures  from  normal (in tens of feet) north of 40" N. Isopleths are  for intervals of 200 ft. with positive anomalies 

the rate of westward motion diminished appreciably. 
greater than 200 ft. shaded.  Large positive anomalies  appeared in the Atlantic (4-850 ft.) early in January and spread rapidly westward  across North America to the Pacific  where 

and  cold Canadian air  (Chart I-B). For example a surface 
front separating these two air masses  was located between 
Boise, Idaho, and Haae ,  Mont. on 23 different days of the 
month.  As a result Boise had a monthly  mean tempera- 
ture of 37' F. (loo above normal), while H a a e  had a 
monthly mean of Oo F. (13O below normal). The differ- 
ence in daily mean temperatures between these stations 
was 40' or greater  on 16 days of January  and reached an 
extreme  of 62' E". on  January 23. 

Precipitatioa amounts  for  the  month  (Chart 111) es- 
ceeded normal along the west coast and  in  the  Northern 
Plains, as well as in the  area from Arkansas eastward to 
the Atlantic. Elsewhere, for the most part, amounts were 
below normal, with parts of the  Central Plains receiving 
only  some 10 percent of the normal. This region  was 
located south of the principal storm  track  (Chart X) and 
was dominated by Pacific air masses  which  were  consider- 
ably dried out upon  crossing the mountains. A few 
cyclones went through the region, but were too weak and 
fast,  moving to be effective in producing significant 
amounts of precipitation. 

289649-54-3 

In  Tennessee and  North Carolina, on the other hand, 
amounts  as high as 200 percent of the normal were 
reported.  This precipitation occurred primarily after 
cold CP outbreaks  penetrated the Southern  States and 
were ovemn by warm moist Gulf air. The resulting 
precipitation was copious, occurring in a few storms. 
Knoxville, for example,  received most of its precipitation 
in two storms which together  gave 10.10 inches as com- 
pared  with its total monthly  precipitation of 11.73 inches. 

Heavy  precipitation along the Pacific Coast occurred as 
a result of increased cyclonic activity in the eastern Pacific 
and  stronger than normal westerly flow over the coastal 
ranges. The precipitation was particularly welcome in 
southern California where droughty conditions had 
developed. Along the northern  border the excess amounts 
occurred as a large  number of cyclones traveled along the 
mean  frontal zone. 

The  Atlantic block  which appeared early in the month 
and recurred at  the end of the  month caused cold air from 
Russia and the Arctic to overjpread  all  Europe.  Frequent 
cyclonic activity from the Gulf of Genoa eastward to  the 
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Black Sea was associated with low $00-mb. heights in 
southern  and  central  Europe. The storminess and cold 
combined to give Europe some of its worst weather  in 
gears-blizzards from northern  Italy  to Sweden and toll- 
taking avalanches in  the Alps. A transitory weakening 
of blocking activity occurred during the middle of the 
month  and  weather improved over  southern  Europe, only 
to deteriorate again a t  the end of the  month as the second 
block was established. 
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January 1954. M. W. R: LXXXII-1 

A. Based on reports  from 800 Weather Bureau  and  cooperative  stations.  The monthly average  is half the sum of the monthly 
average maximum and monthly average minimum, which are  the  average of the daily maxima  and daily minima, respectively. 
B. Normal average monthly temperatures  are computed for  Weather Bureau stations having at least 10 years of record. 
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January 1954. M. W. R. 

Chart V. A. Percentage of Normal  Snowfall, January 1954. 

LXXXII--5 

A. Amount of normal monthly snowfall i s  computed for  Weather Bureau stations having a t  least 10 years of record. 
B. Shows depth  currently on ground at 7:30 a.m. E. S.T., of the Tuesday nearest  the end of the month. It is based on reports 
from  Weather Bureau  and  cooperative  stations. Dashed line shows greatest southern extent of snowcover during month. 
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Chart V?. A. Percentage of Sky Cover Between Sunrise and Sunset,  January 1954. 
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